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Summary 
  Collagens, which play important roles as scaffold for tissue engineering, are 
discussed for in vitro organ formation recent years. Dialysis patient populations in 
Japan and Taiwan increased up to 300 thousands and 60 thousands, respectively, 
which made both countries at the top list of kidney syndrome. Recently, tissue 
engineering combining cells, cytokine and scaffold which can be used to regenerate 
simple organ such as skin, bone, etc., but complicated organs such as kidney or liver 
can hardly be achieved by this technique. Spatial and temporal cytokine expression in 
a metanephros, a developing kidney, was reported during the past thirty years, yet 
scaffolds such as extracellular matrix (ECM) have rarely been discussed.  
In this study, I tried to improve the technique of tissue engineering by applying type 
V collagen (Col V) fibril with comparison to other commercial collagens such as type 
I and IV collagen (Col I, IV), to establish a complicated kidney-like structure in vitro. 
Firstly, I investigated and compared the in vivo expression and structures of collagens 
in metanephroi, to clarify temporal and spatial localizations of Col I, IV, and V during 
nephrogenesis, and then performed the in vitro culture by culturing the very early 
stage of metanephroi on the reconstituted scaffolds of Col I, IV, and V in 
cytokine-contained medium to evaluate the branching and elongation of newly formed 
collecting ducts and nephrons. Meanwhile, I also clarify the individual function of Col 
V and compared to those of Col I and IV during in vitro culture, and elucidate the 
necessity of Col V during nephrogenesis. 
Col V is a minor component of connective tissues, which was found in adult cornea, 
and had been considered as a regulatory fibril-forming collagen which triggers the 
initiation of Col I fiber assembly. Col V was also found in injured, wound healing 
tissues and placenta, and was considered as a dysfunctional ECM. My previous study 
showed that Col V fibrils could facilitate the migration of glomerular endothelial cells 
and induced ECM remodeling, while no effect by Col V molecule. These facts 
suggest that not only the structure but also the function of collagen fibrils are different 
from molecules. In this study, metanephroi of embryonic day (E) 11.5 to postpartum 
(P) 0.5 (12 hours after birth) embryos of ICR mice were used for immunochemistry, 
RT-PCR, western blotting, immune stain of transmitting electron microscopy, to 
explore the gene and protein expressions and fibril structures of Col V during kidney 
development. In vitro E11.5 metanephric culture with fibrils/meshwork of each types 
of collagen as scaffold was used to observe the branching and elongation of uretic bud 
(UB), formation of glomeruli primordias. I used Col I and IV as controls because Col 
I is known to be a common type of ECM for connective tissue, and Col IV a main 
composition of mature glomerular basement membrane. 
In the in vivo experiments, my study explored the existence of collagen fibril in 
metanephroi by TEM immune stain. Col V thin fibril and Col I thick fibril were 
observed in metanephroi during development. Col V was found mainly distributed in 
newly forming tissues such as UB tips, Comma-shaped bodies, S-shaped bodies, renal 
tubules, and immature glomeruli, showed a reduction in its expression when kidney 
tissues reached mature. To the contrary, Col IV showed no significant expression at 
the early developing stage, but mainly distributed in the mature regions, especially 
glomeruli at the late stage, while Col I continuously exists in the whole regions of 
metanephros during the whole stages. In vitro experiments indicated that significant 
organ movement was observed on Col V fibrils compared to Col I and IV. Obvious 
UB elongation was detected on Col V fibril, while well-branched tree-like structures 
were observed on Col IV. Moreover, glomeruli promidia structures were observed on 
Col IV and V scaffolds, especially significant on Col IV. These results indicated that 
Col V fibrils may provide a leading ECM for the kidney formation such as UB 
elongation. On the other hand, Col IV stabilized UB branching and induced 
glomerular basement membrane formation. 
  In summary, Col V fibril is likely to form a prototype for UB elongation and play a 
role as the pioneering ECM during nephrogenesis. Moreover, I suggest that the 
optimal culture for renal tissue requires Col V fibrils at the early stage and other 
collagens at the later stage. On the basis of the experimental results, an improving 
method by using various ECM may be applied to tissue culture for kidney 
regeneration in the future. 
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